Introduction: Acute kidney injury (AKI) following liver transplantation (LT) is a frequent complication and is associated with increased morbidity and mortality. Aim: To investigate whether the levels of urinary KIM-1 and serum Cystatin C are able to predict early occurrence (within the first 48 hours) of the post-LT renal dysfunction. Methods: The study was conducted on 25 recipients transplanted in the Fundeni Clinical Institute between May 2016 and February 2017. Serum Cystatin C, urinary KIM-1 and serum creatinine were analysed before LT, as well as 4 and 24 hours after graft reperfusion. In defining renal failure, the criteria of The Acute Kidney Injury Network (AKIN) were used. All patients received the same renal sparing regimen of immunosuppression (basiliximab, mycophenolate mofetil and delayed tacrolimus). Results: Ten patients (40%) had early post-LT (<48h) renal dysfunction according to the AKIN classification. In the AKI group, there was a considerable increase of serum Cystatin C at 4 and 24 h after LT in comparison with baseline values (p=0.011), whereas in the group without AKI, the values of Cystatin C dropped (p=0.11). There were no significant differences between the KIM-1 values between the two groups. The single independent risk factor for early post-LT AKI occurrence was serum Cystatin C value 4 hours after hepatic reperfusion. The clinical utility of serum Cystatin C and urinary KIM-1 4 h after reperfusion, evaluated by AUROC, was good (0.79). However, the combination of the two biomarkers and the MELD plus score had a better performance, with an AUROC of 0.83, an 80% sensitivity and 80% specificity for distinguishing patients with early post-transplant AKI from those without AKI. Conclusion: Early renal dysfunction following LT is frequent (40%) despite using a renal sparing immunosuppression regimen. Combination of serum Cystatin C and urinary KIM-1, 4 hours after hepatic reperfusion and pre-LT MELD-plus score performed the best in screening the early post-LT renal dysfunction.
INTRODUCTION INTRODUCTION
Acute kidney injury (AKI) after liver transplantation (LT) is a frequent complication and is associated with an increase in morbidity, mortality and hospitalisation time. Depending on the criteria used in defining AKI, the incidence ranged between 17 and 95% (1) . Patients with a low glomerular filtration rate within a month after the LT have an increased risk of developing severe kidney failure within 5 years following LT; the need dialysis in LT recipients within 5 years is 18% (2, 3) .
Since the introduction of the Model for End Stage Liver Disease (MELD) for the allocation of organs for LT in 2002, the inclusion of serum creatinine in the MELD score has significantly increased the incidence of renal dysfunction seen among patients undergoing LT. In 2005, Ruf et al (4) demonstrated that hyponatremia appears to be an earlier and more sensitive marker than serum creatinine able to detect renal impairment and/or circulatory dysfunction in patients with advanced cirrhosis. A more recent score, MELD-Plus (including all MELD-Na components, as well as albumin, total cholesterol, white blood cell count, age, length of stay in hospital) resulted in an improvement over MELD and MELD-Na scores in predicting short-term mortality of patients with established cirrhosis (5) .
Multiple factors can be involved in the early detection of post-transplant AKI, such as: pretransplant kidney dysfunction, severe hepatic disease, hypoalbuminemia, the duration of the intraoperative vascular clamping (which interferes with the renal flow), cold ischemia time, the amount of intraoperative transfusion, perioperative hypotension and the necessary amount of vasopressor support, the duration of the surgery, and the nephrotoxic medication such as calcineurin inhibitors (6) (7) (8) (9) (10) (11) (12) (13) . Although serum creatinine level remains the most common test in assessing the renal function, there are multiple drawbacks associated to it: it is influenced by diet, muscle mass, age and gender; it has low sensitivity to small changes of the renal function, as well as a considerable delay from kidney injury until its increase. This delay in diagnosing AKI implies missing a therapeutic opportunity, the failure to correct certain triggering factors (13) . In trying to identify an early marker of the renal dysfunction, which is not influenced by muscle mass, diet, gender and race, multiple markers were studied, and some of them proved to have clinical utility (14) (15) (16) . Cystatin C is a non-glicolized protein with small molecular weight (13.3 kDa), a hundred times bigger than creatinine. It is produced at a constant rate by all the nucleated cells, is freely filtered by glomeruli and minimally linked to proteins, and is not reabsorbed in the systemic circulation after the filtering. KIM-1 is a transmembrane glycoprotein whose expression at the level of the cells of the proximal renal tubule is increased in case of ischaemia and nephrotoxic substances. An extracellular domain of KIM-1, of 90 kDa, is detectable in the urine immediately after kidney injury (17, 18) . KIM-1 is a promising biomarker for the diagnosis and the prognosis of AKI (19) (20) (21) .
The purpose of the study was to investigate urinary KIM-1 and serum Cystatin C in detecting the early occurrence (within the first 48 hours) of the post-LT renal dysfunction.
METHOD METHOD
The study was conducted on 25 liver transplant recipients in Fundeni Clinical Institute between May 2016 and February 2017. Exclusion criteria consisted of paediatric patients, pre-existing renal impairment and refusal to consent. All patients in the study group received a renal sparing immunosuppressive regimen comprised of basiliximab, tacrolimus and mycophenolate mofetil, as per institutional protocol.
An analysis was conducted on their demographical data (age, gender, body mass index), lab reports (before the LT, in the intra-operative stage, and on 4 consecutive days after the LT). Before the LT, 4 and 24 hours after the hepatic reperfusion, serum Cystatin C, urinary KIM-1 and serum creatinine were analysed. The following intraoperative data was also recorded: requirement of blood products, the duration of the surgery, cold ischemia time, warm ischemia time, the presence or absence of the reperfusion syndrome, hemodynamic parameters (PICCO monitoring), the amount of vaso-pressor support. Serum Cystatin C and urinary KIM-1 were measured by the ELISA method. The patients were split into two groups depending on the occurrence of the early renal dysfunction (<48 hours): with and without AKI. In defining renal failure, the criteria of The Acute Kidney Injury Network (AKIN) were used -see table 1 (22, 23) .
Statistical analysis
The demographic data about the 2 groups were subjected to a comparative analysis, with or without AKI, by using Fisher's exact test or Student t test. Depending on the data that were analysed, the average and the standard deviation or the median and the interval of the values were calculated. The means of the pre-transplant parameters were compared with the post-surgery ones by using t test paired or t test unpaired, on a case by case basis. The ANOVA test was used to determine if the differences between the means of several sets of numerical data were statistically significant (p<0.05). To determine if the differences between the medians of two sets of data were statistically significant, Mann-Whitney U test was used. The statistically significant parameters in the univariate analysis were analysed through multivariate logistic regression. The AUROC (Area Under the Receiver Operating Characteristic curve) was used to determine the best cut off value of the analysed parameters that predict post-LT AKI. The tests were considered statistically significant if p <0.05.
RESULTS RESULTS
The study included 36% females and 64% males, with a mean age of 50.56 (±10.28), MELD score 18.52 (23) . The staging system proposed is a highly sensitive interim staging system and is based on recent data indicating that a small change in serum creatinine influences outcome. Only one criterion (creatinine or urine output) has to be fulfilled to qualify for a stage. In an early post-LT phase (<48h), 10 patients (40%) had renal dysfunction according to the AKIN classification. table 3 presents the risk factors analysed for the occurrence of the post-LT AKI.
There were no statistically significant differences between the two groups regarding the demographic data and the analysed parameters, except for a lower value of serum albumin in the AKI group (p=0.03) (11) . There was a statistically significant difference between the values of Cystatin C within 4 and 24 hours after the hepatic reperfusion between the two groups (p=0.013 and p=0.001, respectively). In the AKI group, there was a considerable increase in comparison with baseline values (p=0.011), whereas in the group without AKI, the values of Cystatin C dropped (p=0.11) -see fig. 1 .
There were no significant differences between KIM-1 values in the two groups in neither before nor after graft implantation -see fig. 2 .
The analysis of multivariate logistic regression found that the only independent risk factor for the post-LT occurrence of AKI was the value of Cystatin 4 hours after the hepatic reperfusion. A lower value of serum albumin before surgery is a risk factor for early post-LT AKI, but with marginal statistical significance (p=0.056).
The value of serum Cystatin C within 4 hours showed a considerable discriminatory ability to distinguish patients who had early post-LT renal dysfunction (<48 hours) from those who did not have it (AUROC of 0.747, p=0.04) -see fig. 3 . The corresponding cut off for Cystatin C is 1202.97 ng/ml with 50% sensitivity, but with 93.33% specificity in diagnosing AKI in liver-transplanted patients. Pre-LT MELD plus score plays a predictive role in the occurrence of post-LT AKI with AUROC 0.64 (p=0.24) for a cut off > 0.25, with 30% sensitivity, but very high specificity, namely 93.33%. The combination of the two biomarkers, Cystatin C and KIM-1 4 hours after hepatic reperfusion, had AUROC of 0.79 with 70% sensitivity and 80% specificity for the diagnosis of AKI in livertransplanted patients. The clinical utility of the pattern containing the two biomarkers and MELD plus score was higher -AUROC of 0.83 (p=0.006), 80% sensitivity, and 80% specificity -in distinguishing patients with AKI from those without AKI. This combination of Cystatin C and KIM-1 4 hours after hepatic reperfusion and pre-LT MELD plus score performed the best in screening the early post-LT renal dysfunction -see fig. 3 .
DISCUSSION DISCUSSION
Acute renal failure after LT is associated with short, as well as long term higher morbidity and mortality. However, early therapeutic or preventive intervention is hampered by the lack of early effective prognostic factors.
Many studies have attempted to determine risk factors for the development of post-LT renal dysfunction. Factors such as preoperative serum creatinine, early severe graft dysfunction consequent to use of marginal grafts, postoperative sepsis, low preoperative albumin and hepatic ischaemia reperfusion injury have all been implicated in the development of renal dysfunction after LT (6, 12, 24) . In our study, a lower level of preimplantation serum albumin was reported in the post-LT AKI group, similar to the study of findings reported by Cabezuelo et al (6) . Hypoalbuminemia may increase the likelihood of AKI, since it reduces the glomerular filtration rate and alters the pharmacokinetics of potentially nephrotoxic drugs. Pre-transplant renal dysfunction, as well as more advanced liver insufficiency before LT, as reflected in a higher MELD score, predicted AKI after LT. In our study, MELD score did not perform well for predicting AKI after LT (AUROC of 0.57). However, MELD plus, a new nine variable score (including more risk factors for AKI, such as hypoalbuminemia and MELD-Na score), performed better for prediction of AKI after LT. To the best of our knowledge, this is the first study to assess MELD-plus score as a risk factor for post-LT AKI Although a renal sparing immunosuppression protocol is used in our Transplant Centre (tacrolimus is introduced in the 5th postoperative day), AKI occurred early after LT in almost half of the analysed patients. Cystatin C is a ubiquitous protein that is freely filtered by the kidney and metabolised by the tubules. KIM-1 is a transmembrane protein that is expressed minimally in normal kidneys, but up-regulated dramatically in injured kidneys (25) .
Cystatin C-based equations may be more accurate indicators of glomerular filtration rate than creatininebased equations, as previously demonstrated both in cirrhotic patients and after LT. A cystatin C-based MELD score was proposed, but it did not improve the predictive power of MELD on the waiting list (26) . In contrast, in our study, combined Cystatin C and MELD or MELD-plus scores showed a better prediction of post-LT AKI compared to MELD alone. In the study of Hei et al (27) , Cystatin C before LT as well as at the end of the operation correlated with early acute renal failure. Unlike the study conducted by Sirota et al (28) , in our study there were statistically significant differences between the values of Cystatin C in the two groups, i.e. 4 and 24 hours after hepatic reperfusion.
In our study, serum Cystatin C 4 hours after hepatic reperfusion had a substantially higher value than the value of urinary KIM-1 within 4 hours in predicting the occurrence of an early post-LT AKI. A combination of these two biomarkers was superior to each marker individually. The best pattern in predicting an early post-LT AKI proved to be the one combining the 2 biomarkers and the MELD plus score. KIM-1 is a potential novel urinary biomarker in the early detection of AKI within 24 hours after kidney injury, and it might be especially beneficial in the diagnosis of ischaemic acute tubular necrosis. KIM-1 alone within 4 hours after LT did not achieve a good prognostic value for predicting AKI in our study. This is similar to a recent study showing a low AUROC for both serum and urinary KIM-1 in diagnosing severe acute tubular injury, or any acute tubular injury for that matter (29) . The low predictive value of KIM-1 for AKI after LT in our cohort demonstrates a good management of the transplanted patients during the surgery procedure, without hemodynamic and hypovolemic changes.
The limitations of our study are the small sample, the short follow up period for AKI, as well as the fact that no biomarkers were analyse in the urine. However, this is the first post-transplant study to analyse biomarkers for kidney dysfunction after LT in Romania.
CONCLUSIONS CONCLUSIONS
The purpose of the study was attained by creating a pattern consisting of the value of MELD plus, serum Cystatin C 4 hours after hepatic reperfusion, and urinary KIM-1 within 4 hours, capable of accurately predicting an AKI early, in the first 48 hours after a liver transplantation. This model is highly useful, given the frequency of the post-LT AKI, the costs, and the comorbidities that stem from it. A superior value of this pattern is given by the inability to predict early AKI by the other analysed factors. In the group of patients who were analysed, the pattern that was identified predicted AKI at least 16 hours prior to its occurrence, thus enabling a therapeutic window in which the triggering factors could be corrected.
